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Background

Psoriasis is a chronic inflammatory skin disease with effects that extend beyond the skin. Insulin resistance (IR) has been associated with psoriasis, but it remains unclear how indicators related to the triglyceride glucose (TyG) index, which were associate with IR, are associated with the condition.





Objective

The purpose of this study was to investigate the association between psoriasis and three TyG-related indicators: triglyceride glucose-body mass index (TyG-BMI), triglyceride glucose-waist to height ratio (TyG-WHtR), and triglyceride glucose-waist circumference (TyG-WC).





Methods

Data from adults aged 20 to 80 years in the National Health and Nutrition Examination Survey (NHANES) from 2003 to 2006 and 2009 to 2014 were utilized. Institutional Review Board approval and documented written consent was obtained from participants by NHANES (Protocol #2005–06). The patients were divided into three groups based on TyG-BMI, TyG-WC, and TyG-WHtR: Q1 (1st quintile), Q2 (2nd-3rd quintiles), and Q3 (4th-5th quintiles). Differences between the groups were further explored. Multivariate logistic regressions were used to investigate the correlation between these three indicators and psoriasis, with results expressed as odds ratios (OR) and 95% confidence intervals (CI). Subgroup analysis and supplementary analysis was further conducted to explore potential influencing factors.





Results

The study included 9,291 participants, of which 260 had psoriasis. Compared Q2 and Q3 of TyG-BMI, TyG-WC, and TyG-WHtR to Q1, there were significantly associate with psoriasis. Among the three indicators, TyG-WC consistently had the highest OR values in Models 1 and 2 (Model 1: Q3 OR (95% CI) = 2.155 (1.442-3.220); Model 2: Q3 OR (95% CI) = 2.029 (1.341-3.069)). While in Model 3, the TyG-BMI shows more significant relationship with psoriasis (Model 3 of TyG-BMI: Q3 OR (95% CI) = 1.948 (1.300-3.000)). Similar results were observed in the majority of subgroups and in supplementary analysis.





Conclusion

This study identified a stable and strong positive association between TyG-related indicators (TyG-BMI, TyG-WC, and TyG-WHtR) and psoriasis. This association persisted even after adjusting for multiple factors. It is suggested that high IR is significantly associated with psoriasis.
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1 Introduction

Psoriasis is a chronic inflammatory skin disorder that affects approximately 2-3% of the global population (1). It is characterized by red, scaly patches on the skin, which can cause significant physical and psychological distress for those affected. The exact cause of psoriasis is not fully understood, but it is believed to be a multifactorial disease with both genetic and environmental factors playing a role (2).

Psoriasis has effects on the body that extend beyond the skin. For instance, individuals with psoriasis have a heightened risk of developing metabolic syndrome and cardiovascular disease (3). Insulin resistance (IR) may play a pivotal role in this association. In patients with psoriasis and metabolic syndrome, inflammatory factors remain consistently elevated, further exacerbating IR and potentially serving as a mechanism for the development of psoriasis with metabolic syndrome (4). Thus, it is crucial to comprehend the correlation between IR and psoriasis.

The traditional evaluation of IR is time-consuming and laborious, typically utilizing the hyperinsulinemic-euglycemic clamp (HIEC) as the gold standard. However, new tools for evaluating IR have been developed in recent years, which greatly facilitate their clinical application, such as the homeostasis model assessment of insulin resistance (HOMA-IR) and the Quantitative Insulin Sensitivity Check Index (QUICKI). One such tool is the triglyceride glucose (TyG) index, which is receiving attention due to its strong correlation with HIEC (5). Building upon the TyG index, several new indicators for assessing IR have been developed to provide a more accurate evaluation of its severity. These include the triglyceride glucose-body mass index (TyG-BMI) (6), the triglyceride glucose-waist to height ratio (TyG-WHtR) (7), and the triglyceride glucose-waist circumference (TyG-WC) (8), all of which have been reported as reliable alternative markers of IR.

Given the need for more reliable evidence regarding the association between insulin resistance and psoriasis in patients, the aim of this study was to assess this association using various indicators related to TyG, and to provide valuable insights into the relationship between insulin resistance and psoriasis.




2 Methods



2.1 Study design

The research design of this study was based on a cross-sectional study design, and the data analyzed were obtained from the National Health and Nutrition Examination Survey (NHANES). NHANES is a large, nationwide survey that assesses the health status of citizens by collecting demographic, health, economic, and various other types of data (9). Institutional Review Board approval and documented written consent was obtained from participants by NHANES (Protocol #2005–06). The survey was conducted with the approval of the National Center for Health Statistics Ethics Review Committee, and all participants provided written informed consent. The exclusion criteria of main analysis included: 1) without psoriasis information; 2) age <20 years old (psoriasis data on participants <20 years of age are missing in 2003–2004, and 2005–2006 cycles); 3) missing data on fasting blood glucose, triglycerides, BMI, smoking status, drinking status, hypertension, diabetes, waist circumference, stand height and race/ethnicity. Ultimately, 9291 participants were included for analysis (Figure 1).




Figure 1 | Flow chart of participant selection. BMI, body mass index; NHANES, National Health and Nutrition Examination Survey; TyG index, triglyceride glucose index.






2.2 Data collection

All analysis data were directly extracted from the database and included variables such as age, gender, education, BMI, height, waist circumference, smoking history, alcohol history, hypertension history, diabetes history, and psoriasis history. We extracted data for a total of five cycle years (a span of 10 years), specifically from 2003 to 2006 and from 2009 to 2014. Additionally, blood samples were collected from all participants in the early morning to analyze fasting blood glucose, fasting insulin and triglyceride levels. Smoking and drinking status were categorized as “Never,” “Current,” or “Past.” The educational level was divided into two categories: high school and below, and college and above, as stated in the questionnaire. BMI, waist circumference, and height measurements were conducted at a mobile examination center. Glucocorticoids usage was defined if the participants responded affirmatively to the question, “Ever taken prednisone or cortisone daily” (10). Psoriasis information was also obtained through self-reports on a health questionnaire, where participants were asked, “Have you ever been told by a health care provider that you had psoriasis?” A response of “yes” indicated a case of “psoriasis.” (11). Hypertension was diagnosed by systolic pressure/diastolic pressure ≥ 140/90 mmHg, or self-reported physician diagnosis of hypertension, or self-reported use of hypertension medication. Diabetes was diagnosed by glycosylated hemoglobin ≥ 6.5%, or self-reported physician diagnosis of diabetes, or self-reported use of insulin (12). The waist-to-height ratio (WHtR) was defined as the waist circumference (WC) divided by standing height.

Additionally, the calculation formula for the TyG index was as follows: TyG = Ln [fasting triglyceride (mg/dL) × fasting blood glucose (mg/dL)/2] (13). TyG-BMI was calculated as TyG index multiplied by BMI (6); Tyg-WC was calculated as TyG multiplied by WC (14); TyG-WHtR was calculated as TyG multiplied by WHtR (7); HOMA-IR = (fasting insulin (mU/L) × fasting blood glucose (mg/dL)/18)/22.5 (15); QUICKI = 1/[log (fasting insulin (μU/mL)) +log (fasting blood glucose (mg/dL))] (16).




2.3 Statistical analysis

Continuous variables described by a normal distribution are expressed as mean ± standard deviation (mean± sd). Non-normally distributed data is expressed as the median (interquartile range [IQR]). Categorical variables are expressed as numbers (n) and percentages (%). To further examine the association between TyG-related indicators and psoriasis, we divided all patients into three equal groups based on quintile of TyG-BMI, TyG-WC, and TyG-WHtR. The 1st quintile was defined as Q1. And the 2nd-3rd, and 4th-5th quintiles was regarded as a single group, respectively defined as Q2 and Q3. Although sampling weights are usually taken into consideration to produce representative and unbiased statistics during the analysis of a complex survey, it could also reduce the precision of the estimates. Besides, sampling weights could even bring some extent introduces over-adjustment bias (17–19). Thus, we performed analysis without incorporating sampling weights, consistent to some previous research using NHANES data (17–19). We used the Chi-square test or the Kruskal-Wallis H test to compare in different groups. Based on previous literature, covariates included age, gender, education level, smoking status, drinking status, hypertension, diabetes, and race/ethnicity (20–22). To further investigate the association, we established three models: Model 1 did not include any covariates, Model 2 only adjusted for age and gender, and Model 3 included all covariates for analysis. Multivariate logistic regression was used to assess the association between different TyG-related indicators and psoriasis in these three models, with odds ratios (OR) and 95% confidence intervals (CI) used to indicate the strength of the relationship. Besides, we also used restricted cubic splines to explore the non-linear dose-response relationship between TyG-related indicators and psoriasis, selecting knots that minimized the akaike information criterion (23). Additionally, we conducted several subgroup and interaction analyses to identify potential contributing factors. Given the high values of TyG-BMI and TyG-WC, they were transformed by natural logarithm (Ln-transformed) in subgroup analysis, which did not change the original trend of the data. We conducted a supplementary analysis, calculating the HOMA-IR and QUICKI indices of the patients and determining the OR values under different models. Due to generally right-skewed distribution of all TyG-related indicators, HOMA-IR, and QUICKI, thus these variables were converted into natural logarithms during the supplementary analysis. Because the use of corticosteroids can significantly impact insulin resistance, we included corticosteroids as a covariate in Model 3 to further analyze the relationship of TyG-related indicators in psoriasis in supplementary analysis. R 4.2.1 was used for all statistical analyses. All tests were two-sided, and P value < 0.05 was considered statistically significant.





3 Results



3.1 Characteristics of the participants

Among the 9291 participants in our main analysis, we grouped these participants based on whether or not they had psoriasis and then compared their baseline conditions. A total of 260 patients with psoriasis were identified. The psoriasis patients were found to have a higher average age, greater BMI, larger waist circumference, and higher WHtR compared to the non-psoriasis participants. Additionally, a higher proportion of psoriasis patients reported being smokers. Furthermore, psoriasis patients had a higher incidence of hypertension and higher triglyceride levels. All TyG-related indicators were also found to be significantly higher in psoriasis patients compared to non-psoriasis participants (Table 1). These results suggest that patients with psoriasis may have more obvious insulin resistance. Then, we divided all patients into Q1, Q2, and Q3 groups based on their TyG-BMI, TyG-WC, and TyG-WHtR, and then compared the differences among these groups. Our analysis revealed that regardless of which indicator was used for classification, Q3 patients consistently exhibited a higher prevalence of psoriasis, older age, higher BMI, waist circumference, and WHtR. Additionally, they had a lower educational level, were more likely to smoke and consume alcohol, had a higher prevalence of hypertension and diabetes, and exhibited higher levels of fasting blood glucose and triglycerides compared to Q1 and Q2 patients (Table 2).


Table 1 | Comparison of characteristics of psoriasis patients and non-psoriasis participants.




Table 2 | Differences among groups were compared according to TyG-related indicators.






3.2 Associations between TyG-related indicators and psoriasis

Table 3 presents the OR and their corresponding 95% confidence intervals, which depict the association between various TyG-related indicators and psoriasis. These associations were analyzed using three different models. The results revealed an independent positive association between TyG-BMI, TyG-WC, and TyG-WHtR and psoriasis in various models. Additionally, Q2 and Q3 of all indicators exhibited a significant positive relationship with psoriasis in comparison to Q1 (Table 3). This suggests that higher TyG-related indicators serve as independent risk factors for psoriasis. Among the three indicators, TyG-WC displayed a greater OR value in Models 1 and 2 (Model 1, Q3 OR (95% CI) = 2.155 (1.442-3.220); Model 2, Q3 OR (95% CI) = 2.029 (1.341-3.069)). While in Model 3, the TyG-BMI shows more significant relationship with psoriasis (Model 3 of TyG-BMI: Q3 OR (95% CI) = 1.948 (1.300-3.000)). The restricted cubic spline analysis (Figure 2) also demonstrated a positive linear correlation between TyG-BMI, TyG-WC, and TyG-WHtR with psoriasis in all models (P-value < 0.05, P-nonlinear > 0.05).


Table 3 | Multivariate regression analysis of TyG-related indicators with psoriasis.






Figure 2 | (A) Restricted cubic spline fitting for the association between different TyG-related indicators with psoriasis in model 1. (B) Restricted cubic spline fitting for the association between different TyG-related indicators with psoriasis in model 2. (C) Restricted cubic spline fitting for the association between different TyG-related indicators with psoriasis in model 3.



Subsequently, we conducted a subgroup analysis to further explore the relationship between TyG-related indicators and psoriasis (Figure 3). In the vast majority of stratified populations, the relationship between TyG-related indicators and psoriasis was similar, as no significant interaction was observed (P for interaction >0.05). However, for patients with hypertension and hypertriglyceridemia, higher TyG-WC and TyG-WHtR did not indicate a higher risk of psoriasis. On the other hand, TyG-BMI still showed a positive relationship trend as it had no interaction with hypertension and hypertriglyceridemia (P for interaction >0.05). What’s more, subgroup analysis results suggest that even if a patient does not have diabetes, an elevated TyG-related index still represents a higher risk of psoriasis.




Figure 3 | Forest maps of subgroup analysis. Fasting plasma triglyceride concentrations may be categorized as normal (<150 mg/dL), borderline (150-199 mg/dL), high triglyceride (HTG>200 mg/dL); n, number; OR, odds ratios; 95% CI, 95% confidence intervals; BMI, body mass index; TyG-BMI, triglyceride glucose-body mass index; TyG-WC, triglyceride glucose-waist circumference; TyG-WHtR, triglyceride glucose-waist to height ratio; HTG, high triglyceride.






3.3 Supplementary analysis

To further elucidate the relationship between IR and psoriasis, we conducted a comparison of TyG-related indicators with HOMA-IR and QUICKI. The findings revealed that TyG-related indices exhibited a more significant relationship with psoriasis compared to traditional IR evaluation indices such as HOMA-IR and QUICKI (Supplementary Table S1).

The use of glucocorticoids can significantly impact insulin resistance. Therefore, we included the use of glucocorticoids as a covariate in Model 3 to further elucidate the roles of IR in psoriasis. However, due to the limited availability of data on the use of glucocorticoids in the NHANES database (2005-2006, 2009-2010, and 2013-2014), we will present the analysis of glucocorticoids as a supplementary analysis. The results demonstrated that even after adjusting for all covariates, including glucocorticoid usage, all TyG-related indicators remained positively associated with psoriasis (Supplementary Table S2).





4 Discussion

Psoriasis and IR are both significant health issues and they have a relationship with each other. The etiology of these two diseases is multifactorial, however, they do share certain similarities. One common triggering factor in both diseases is inflammation (24). For instance, thiazolidinediones have been shown to effectively improve insulin resistance and also contribute to plaque regression in patients with psoriasis (25). In addition, methotrexate can also have a pharmacological effect by directly acting on PPAR-gamma (26). Given that methotrexate is an important therapeutic drug for psoriasis, this further underscores the significant role of insulin resistance in the condition. Therefore, it is necessary to explore the correlation between IR and psoriasis.

This large, nationally representative, cross-sectional study evaluates the association between TyG-related indicators and psoriasis. Our study reveals a positive association between high TyG-BMI, TyG-WC, and TyG-WHtR, and psoriasis in adult U.S. citizens. This positive association remains stable even after adjusting for age, gender, educational experience, smoking, drinking, hypertension, and diabetes. Additionally, further subgroup analysis demonstrates that this positive relationship still persists in most subgroups and supplementary analysis. To the best of our knowledge, this study is the first to explore the relationship between TyG-related indicators and psoriasis.

The TyG index and its associated indicators have recently been extensively explored in cardiovascular disease (27, 28). Also, anthropometric data, such as BMI, WC, and WHtR, are accepted as predictors of obesity and IR. Recently, novel TyG-related indicators of the TyG index combined with anthropometric data have been derived, namely TyG-BMI, TyG-WC, and TyG-WHtR. Therefore, combining anthropometric and metabolic indices may be more reliable than TyG alone (29). A recent study confirmed that TyG-WHtR is more helpful than TyG in identifying high-risk prediabetes (30). In a large retrospective study with 214493 participants, it was found that the TyG-BMI were significantly associated with prehypertension (31). Additionally, TyG-BMI, TyG-WC, and TyG-WHtR had higher predictive performance for non-alcoholic fatty liver disease in the general population (32). Therefore, in this study, TyG-BMI, TyG-WC, and TyG-WHtR were used to determine the correlation between IR and psoriasis.

Although the exact causal relationship between IR and psoriasis has not been fully established, observational studies have shown that waist circumference has the strongest association with psoriasis, followed by high-density lipoprotein and triglyceride levels. Additionally, patients with persistent metabolic syndrome have a higher risk of developing psoriasis (33). Our own study supports these findings. However, the precise mechanism underlying this relationship is not fully understood. Although there are two-sample Mendelian randomization studies from a genetic perspective, metabolic syndrome, WC, and hypertension are risk factors for the development of psoriasis (34). One compelling hypothesis is that increased levels of inflammatory markers in individuals with IR may lead to a heightened risk of psoriasis. Both IR and psoriasis involve various inflammatory pathways, such as the Th17-mediated inflammatory pathway (35). Many similar cytokines contribute to the pathogenesis of both conditions. Furthermore, insulin resistance may contribute to the development of psoriatic metabolic disorders and skin inflammation by reducing the levels of anti-inflammatory adipokines, for example adiponectin (36, 37). Genetics also play a role in the correlation between psoriasis and metabolic syndrome. There are common susceptibility genes and genetic loci shared between the two conditions. For example, mutations in the IL-12B, IL-23R, and IL-23A genes are associated with both susceptibility to psoriasis and an increased risk of developing diabetes (38). Another genome-wide association study demonstrated that genes related to dyslipidemia, hypertension, and cardiovascular disease are associated with an increased risk of psoriasis (39). These findings collectively suggest a significant correlation between insulin resistance and psoriasis.

Our study has significant advantages. Firstly, we utilized a large nationwide sample size and implemented appropriate covariate adjustment, thereby enhancing the reliability of our findings. Secondly, our study comprehensively assessed the individual impact of TyG-related indicators on psoriasis risk, addressing a gap in previous research. Lastly, the availability of TyG-related indicators for assessing insulin resistance is based on routine clinical care, eliminating the need for specific insulin testing or HIEC, thus making it a readily accessible and cost-effective biomarker with potential clinical applications.

However, there are a few limitations worth noting in our study. Firstly, the cross-sectional study design restricts our ability to establish a causal relationship between insulin resistance and psoriasis. Secondly, the selection of psoriasis cases was based on self-reported questionnaires, which introduces the potential for recall bias. Finally, despite adjusting for some confounders, there may still be residual or unmeasured confounders affecting our results. Therefore, future longitudinal prospective studies with comprehensive data collection are crucial to confirm the association between TyG-BMI, TyG-WC, and TyG-WHtR and the risk of psoriasis.




5 Conclusions

In a nationally representative sample of U.S. adults, a stable and strong positive association was observed between TyG-related measures, specifically TyG-BMI, TyG-WC, and TyG-WHtR, and psoriasis. This association persisted even after adjusting for multiple factors. However, future high quality cohort studies should aim to verify this relationship in a wider population.
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Current 1380 2653 2445 1407 2625 2446 1446 2669 2363
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Gender, n (%) 0.596
Female 4745 (51.1%) 4608 (51.0%) 137 (52.7%)
Male 4546 (48.9%) 4423 (49.0%) 123 (47.3%)
Age (year), mean + sd 46.2 + 169 46.1 £ 169 492 + 16.1 0.003
BMI (kg/m?), mean + sd 289 + 6.8 289+ 68 305+ 7.4 <0.001
Waistline (cm), mean + sd 98.7 £ 16.3 98.6 + 16.3 103.0 £17.1 < 0.001
Stand height (cm), mean + sd 168.0 + 10.0 168.0 + 10.0 167.5 £ 9.6 0.436
WHIR, mean + sd 0.59 £ 0.10 0.59 +0.10 0.62 + 0.10 < 0.001
Education level, n (%) 0.139
High school and below 4314 (46.4%) 4205 (46.6%) 109 (41.9%)
College and above 4977 (53.6%) 4826 (53.4%) 151 (58.1%)
Race/ethnicity, n (%) < 0.001
Mexican American 1511 (16.3%) 1488 (16.5%) 23 (8.8%)
White 4282 (46.1%) 4122 (45.6%) 160 (61.5%)
Black 1841 (19.8%) 1807 (20.0%) 34 (13.1%)
Other Hispanic 789 (8.5%) 770 (8.5%) 19 (7.3%)
Other race 868 (9.3%) 844 (9.3%) 24 (9.2%)
Smoking, n (%) 0.020
Never 5143 (55.4%) 5017 (55.6%) 126 (48.5%)
Current 2034 (21.9%) 1977 (21.9%) 57 (21.9%)
Past 2114 (22.8%) 2037 (22.6%) 77 (29.6%)
Drinking, n (%) 0.348
Never 1256 (13.5%) 1226 (13.6%) 30 (11.5%)
Current 6478 (69.7%) 6299 (69.7%) 179 (68.8%)
Past 1557 (16.8%) 1506 (16.7%) 51 (19.6%)
Diabetes, n (%) 0.456
No 8110 (87.3%) 7887 (87.3%) 223 (85.8%)
Yes 1181 (12.7%) 1144 (12.7%) 37 (14.2%)
Hypertension, n (%) < 0.001
No 5801 (62.4%) 5674 (62.8%) 127 (48.8%)
Yes 3490 (37.6%) 3357 (37.2%) 133 (51.2%)
Fasting blood glucose (mg/dL), mean + sd 105.3 + 324 105.12 + 32.4 108.4 + 33.0 0.112
Triglyceride (mg/dL), mean + sd 132.7 £ 1184 132.3 £117.6 147.0 + 141.5 0.048
TyG-BMI, mean + sd 251.1 £67.1 250.6 + 66.8 268.4 +73.7 < 0.001
TyG-WC, mean + sd 856.0 + 177.1 854.6 + 176.6 905.1 + 187.8 < 0.001
TyG-WHIR, mean + sd 5111 51+11 54+11 < 0.001

n, number; BMI, body mass index; WHIR, waist to height ratio; sd, standard deviation; TyG-BMI, triglyceride glucose-body mass index; TyG-WG, triglyceride glucose-waist circumference; TyG-
WHER, triglyceride glucose-waist to height ratio.





